ABSTRACT
instrumentation procedure, the canals are simultaneously washed out or irrigated with a solution capable of disinfecting them and dissolving organic matter. [2] In addition to the debriding action, irrigation serves the purpose of facilitating instrumentation by lubricating canals and by floating out dentinal filings. [2] Thus, the goals of irrigation are [2] : i) lavage of debris; ii) tissue dissolution; iii) antibacterial action; and iv) lubrication.
Various irrigating solutions have been used, such as: 5% and 2.5% sodium hypochlorite, 3% hydrogen peroxide, 17% EDTA, and 0.2% chlorhexidine.
Among these, one of the most popular irrigating solutions is sodium hypochlorite. [2] An in vitro study has demonstrated that 2.6% NaOCl has excellent predentin and tissue solvent action. [3] The 3% hydrogen peroxide alone also effectively "bubbles Chemomechanical preparation is one of the important factors for successful endodontic treatment. Chemomechanical debridement of root canal system is achieved by the use of instruments and effective irrigating solutions. The aim of instrumentation and irrigating is to prepare a clean, debrisfree canal for subsequent obturation. [1] An instrument thrust into the canal is likely to force noxious materials like necrotic pulp or shreds of mummified tissue with bacteria into it, through the apical foramen, with resulting periradicular pathology. During each out" and mildly disinfects the canal by release of nascent oxygen. [2] Investigators at Lomba Linda University found that 5.25% NaOCl was not effective against anaerobic bacteria as 0.2% chlorhexidine gluconate or 3% hydrogen peroxide. [2] Mechanically prepared dentin surfaces are always covered with a so-called smear layer, a loosely bonded amorphous layer of organic and inorganic debris. In this respect, several endodontic irrigating solutions have been used to remove such smear layer with varying degrees of success. They have ranged from acids and chelates, to those intended to dissolve organic debris. [4] Irrigation of root canal with 10 ml of 17% EDTA followed by 10 ml of 5% NaOCl has been recommended as an effective method to remove smear layer. [5] The most common chelating agent used for irrigating includes 17% EDTA solution (pH of [5] [6] [7] [8] [9] . The authors have shown that optimal time of EDTA is 15 min, after which time no chelating action can expected. [2] It is important to test the effect of the irrigating solutions on all dentin tissues, as they may come in contact during irrigating procedures. These irrigating solutions cause alterations on dentin and enamel surfaces and affect their interactions with materials used for obturation and coronal restorations. [4] Studies on modes of action and efficiency of various chemical irrigating solutions have shown their direct effect on both organic and inorganic components of root canal dentin. In turn, the mechanical, chemical, and physical properties of dentin structure changes.
It has been noted that microhardness and roughness are sensitive to composition and surface changes of tooth structures. [6] A similar correlation can be made between microhardness and roughness of root dentin and irrigating solutions. [4] Thus, it is of interest to investigate to what extent the dentin of the root canal is affected by the use of various irrigating solutions. Therefore, this study was designed to evaluate the effect of widely used irrigating solutions on the microhardness and roughness of root canal dentin.
MATERIALS AND METHODS

Sample selection
One hundred and twenty non-carious, non-hypoplastic, extracted human intact permanent maxillary and mandibular incisor teeth from patient with age groups of 35-45 years were selected. The teeth were stored at 37°C in buffered saline.
Specimen preparation
The crowns of the teeth were sectioned at cemento enamel junction (CEJ) using a high-speed diamond point under water-cooling. Then, the roots were separated longitudinally using a diamond disc under water-cooling. Thus, 240 specimens were obtained. These specimens were then examined under stereomicroscope to eliminate the teeth with cracks and other specimens were added to compensate for them.
The specimens were then ground-polished with watercooled carborandum disc. Final polishing was carried out in felt cloth and buff by using 0.05 µm size aluminium oxide powder mixed with distilled water.
A plastic ring was then taken, and it was poured with a mixture of cold cure resin. And the specimens were embedded on the resin with polished surface facing outside. After curing of the resin, the ring was removed and repolishing of specimens was done to remove the excess material present on the tooth surface [ Figure 1a ].
Grouping
A total of 240 specimens were then divided into six groups, with 40 specimens in each group according to the irrigating solutions used.
Exposed dentin surfaces were immersed in plastic jar containing irrigating solutions [ Figure 1b ] as follows: Group 1: 5 ml, 5.0% NaOCl for 15 min Group 2: 5 ml, 2.5% NaOCl for 15 min Group 3: 5 ml, 3% Hydrogen peroxide for 15 min Group 4: 5 ml, 17% EDTA solution for 15 min Group 5: 5 ml, 0.2% Chlorhexidine gluconate for 15 min Group 6: 5 ml, Distilled water for 15 min (control).
At the end of active treatment period (15 min), the samples were rinsed with distilled water and dried. Every group was then divided into two subgroups of 20 each.
Group 1a, 2a, 3a, 4a, 5a, 6a were used to determine the microhardness of root dentin. And Group 1b, 2b, 3b, 4b, 5b, and 6b were used to determine the surface roughness of root dentin.
Microhardness testing
The specimens were mounted on stage of Vickers microhardness tester [ Figure 1c ]. The midroot portion is halfway from the outer surfaces was focused for testing. Indentations were made with Vickers diamond indenter using 300 gm load with a dwell time of 20 s [ Figure 1d ]. These indentations were measured and converted into Vickers hardness number (VHN) values by the monitor.
Surface roughness testing
The specimens were placed on the flat table surface and the needle of roughness tester was on the mid root region of the tooth surface. The machine was then made to record the surface roughness values of root dentin [ Figure 1d -f]. The values were displayed digitally on the screen of the roughness tester. These values were expressed as Ra (µm). The Ra parameter describes the overall roughness of the surface and can be defined as the arithmetical average value of all absolute distances of the roughness profile from the centre line within the measuring length.
Statistical analysis used
The teeth were analyzed statistically using One-way analysis of variance (ANOVA) and the comparison of means was conducted using Tukey's multiple comparison test. The testing was performed at the 95% level of confidence (P < 0.05).
RESULTS
Results of study were evaluated and tabulated as follows. 
DISCUSSION
The success of root canal therapy depends on the method and quality of instrumentation, irrigation, disinfection, and three-dimensional obturation of root canal. Irrigation is presently the best method for removal of tissue remnants and dentin debris during instrumentation. During irrigation, radicular and coronal dentins were exposed to solution deposited in the pulp chamber. This caused alterations on dentin surface. NaOCl, H 2 O 2 , EDTA, and chlorhexidine are the widely used irrigating solutions.
In the present study, anterior teeth were selected to help in ease of separating these single-rooted teeth longitudinally. The roots were separated longitudinally to expose the root dentin surfaces for testing. These sections were embedded in acrylic resin to have a proper base and support for further testing. The sections were cut under water-cooling to prevent desiccation of teeth while sectioning. The sections were ground polished to have even and polished surfaces for microhardness and roughness testing.
These specimens were then viewed under stereomicroscope to check for cracks and those having cracks were eliminated to prevent false results.
The authors reported that the microhardness of dentin declined when tested from superficial to deep regions. The increased number of widely opened dentin tubules free of peritubular dentin near the pulp offered little resistance to 
Tukey's Multiple Comparison test: Microhardness groups
Distilled water (GpVIa) -(GpIa) 5.0% NaOCl (P = 0.000) • (GpIIa) 2.5% NaOCl (P = 0.000) • (GpIIIa) 3% H 2 0 2 (P = 0.000) • (GpIVa) 17% EDTA (P = 0.001) • (GpVa) 0.2% chlorhexidine (P = 0.068) Tukey's multiple comparison test: Surface roughness groups Distilled water (GpVIb) -(GpIb) 5.0% NaOCl (P =0.000) • (GpIIb) 2.5% NaOCl (P = 0.000) • (GpIIIb) 3% H202 (P = 0.052) • (GpIVb) 17% EDTA (P = 0.001) • (GpVb) 0.2% chlorhexidine (P =0.114) the microhardness testing indenter. Thus, Pashley proposed an inverse correlation between dentine microhardness and tubular density. [7] Thus, in this study midroot region was used for testing, approximately halfway between the central lumen, and root cementum where the dentin surface of root was uniform. This was also done to minimize the effect of the structural variations of different teeth and to establish a reasonable baseline for evaluation. [7] In this study, the endodontic irrigating solutions were used on root canal dentin surface for 15 min, to obtain optimum results. [2, 8] Surface changes evaluation of dental hard tissues for alteration in Ca/P ratio of dental tissue has been done by many methods. Such as microhardness measurement, microradiographic assessments, scanning election microscopic methods, energy dispersive spectrometric analysis. [9] Also micro-multiple internal reflectance Fourier transform infrared spectroscopy (micro-MIR FTIR) and surfaceroughness testing. [10] Dentin microhardness depends on the amount of calcified matrix per mm 2 (Pashley et al. [7] ) and its determination provides indirect evidence of mineral loss or gain in the dental hard tissues. [9] The microhardness measurement was one of the simplest non-destructive mechanical characterization methods. Previous investigations have shown the suitability and practicality of VHN microhardness test for evaluating surface changes of dental hard tissues treated with chemical agents. Thus, this method was adopted in this study. [4, 7] However, the information provided by microhardness testing alone may of then be complementary and thus use of another method was necessary for comprehensive understanding of the surface changes. Thus, surface roughness measurement had also been included in this study to determine surface changes of dental hard tissues. [11, 12] The results of the present study indicate that all irrigating solutions except chlorhexidine decreased microhardness of root canal dentin significantly, and 3% H 2 O 2 and 0.2% chlorhexidine gluconate had no effect on surface roughness of root canal dentin (P < 0.05). A significant increase on surface roughness was found in 2.5%, 5% NaOCl, and 17% EDTA treated groups (P < 0.05). These results were in resemblance with previous studies. [4, 12] The distilled water was used as control as it is shown that distilled water does not have any chemical changes on dentin. [13] Studies showed that NaOCl reduced modulus of elasticity and flexural strength of dentin. [14] NaOCl with PH of 7.4-11.5 caused 70% protein description from the hydroxyapetite surfaces. [15] Dentin contained 22% organic material mainly collagen type I which played major mechanical role. Depletion of the organic phase after NaOCl treatment caused mechanical changes. Other studies also reported that NaOCl decreased dentin microhardness. [16] The authors reported that hydrogen peroxide caused great decrease in dentin microhardness. [17, 18] H 2 O 2 with pH of 1.7 affected the inorganic parts of dentin through acidic demineralization and attacked the organic. [18] And 3% H 2 O 2 had no effect on surface roughness of root dentin. This result was related to the materials low concentration. [12] An in vitro study showed that the chelating solutions significantly reduced dentin microhardness. [19] Another study showed that EDTA decreases the microhardness and increases the roughness of root dentin significantly. The authors also showed that EDTA decreases root dentin microhardness. [11] Hulsmann et al. reveiwed the mode of action of EDTA, using gravimetrical analysis. The authors showed that the properties of EDTA were self-limiting. [20] EDTA with neutral pH (7.3) showed chemically, two co-existing reactions (i) complex formation and (ii) protonation. [21] EDTA was normally present as EDTA HNa 3 . The reactions were i) EDTA H 3-+ Ca
The exchange of calcium from the dentin by hydrogen resulted in a subsequent decrease in pH. Because of the release of the acid, the efficiency of EDTA decreased with time; on other hand, the reaction of the acid with hydroxyapetite affected the solubility of dentin. [20] In this study, 0.2% chlorhexidine did not affect microhardness of root canal dentin. These results were in resemblance with previous study. The authors found that 0.2% chlorhexidine gluconate was more effective, had more residual antibacterial effect and lower toxicity than NaOCl solutions. [22] Thus, 0.2% chlorhexidine gluconate seemed to be an appropriate irrigating solution, because of its harmless effect on the microhardness and roughness of root canal dentin.
The present observations suggested that canal irrigation with these chemical solutions leads to structural changes, as evidenced by reduction of dentin microhardness and augmentation in surface roughness. This effect may be related to the solutions demineralizing effect on root canal dentin. Chemical solutions softening effect on the dentinal walls could be beneficial in the clinic, as it permits rapid preparation and negotiation of tight root canals. However, the degree of softening and demineralization action may have an influence of the physical and chemical properties of this heterogenic structure. [6] These chemicals may also affect the adhesion of sealers and cement to the dentin. [10, 23] These experimental conditions of the bench test differed substantially from the clinical situations. In this study, it was possible to use large amount of the irrigating solutions in close contact with flat dentin surface. This may not be the case in clinical situations as root canal system has complex morphology, and therefore, more questions need to be answered as to the extent to which these chemical alterations may affect the adhesion of sealers to the treated surfaces.
It is noteworthy that the irrigating solutions used in this study were of limited concentrations. Therefore, the effect of various concentrations and application time on dentin microhardness and roughness can be further evaluated in a wider range of similar studies.
